1 Bonding Wre The present invention relates to gold
bonding wires and gold alloys with high strength
suitable for these bonding'wires. In the course of
the continuous mniaturization of sem conduct or
conponents and the assocgaaﬁd ogl of reducing the
gol d bondi ng wire di anet PRafg asi ng demands are
pl aced on the strength of the wire and the
reliability of the wire connections (loops). Known
met hods include, in particular, doping with elenments
The prssort soptiemridatesiorgayd bonsling wineanbeold alleys with bigh strength suitable
(al kaline earth metals), e.g. with beryllium and
for thedaboending aderding to C. W Conti, Gold Bulletin,
32(2): 39 (1999) or Yuantao Ning, Gold Bulletin,
34(3): 77 (2001). Lanthani des, for exanple europi um
and ytterbium are also added as dopi ng el enents. A
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of the wireranddbe reliabilityokihp wircnenaeghions {leopsinKagwipmsthods include, in
produced, in that the doping becones brittle or the
particula; toping ywithf eletentwiof theisscdndpaain gebupFafitheperiveli ablef(alkhbne earth
second main group, e.g. calcium an increase in
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and ytterbium, are also added as doping ¢lements. A problem with lanthanides is their solubility
in the gold matrix. The poor solubility of lanthanides in the gold matrix leads to inhomogeneity
and in the least favorable case to rough deposits in the gold chain, in particular with europium
and ytterbium. Instead of an increase in strength, the opposite can also be produced, in that the
doping becomes brittle or the ductility of the wire is impaired. For elements of the second main
group, e.g. calcium, an increase in strength can be achieved with increasing doping
concentration. Associated with this are negative ball-formation properties, so-called “dimple

formation,” in the loop production.

The object of the present invention comprises providing gold alloys with further improved
strength, in which the otherwise advantageous properties of the gold, in particular the noble

character and the high conductivity, are essentially maintained.



The object of the present invention conprises
providing gold alloys with further inproved strength,
in which the otherw se advanft ageous properties of the
gold, in particular the noble character and the high
conductivity, are essentially maintained. 2 To solve
this object, gold is alloyed in the ppmrange with at
| east one of the_ |anthanides, ytterbiumor europiuym,
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negative ball formation properties ("dinple
ytterbfuor emduiropitin, withpitesitnobanepnsly having to take inte Accoupimggative ball
the gold alloy is forned as a honbgeneous ni xed
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i t, i LS LR
alloy 18 g{a{rﬁéfﬁ% al Rt dYen s SRk EAL5tal, b £CLliHEAA '%Qseg,qw)ﬁﬁiéular based on

ree master l'oying,” in particular together
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inturn, to provide gold alloys with greater than 99

wt.% preferably greater than 99.9 w. % gold, whose

physi cal and nmechani cal properties are especially _
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ytterbi um as doping elenments in gold through
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bonding wire applications.

The decisive factor here is the ability to achieve the previously not possible homogeneous
distribution of europium or ytterbium as doping elements in gold through homogeneous master
alloys with doping elements, particularly calcium and europium or ytterbium. In contrast to all
of the other lanthanides, europium and ytterbium exhibit complete solubility in calcium,
according to H. Okomoto and T. B. Massalski, Binary Alloys Phase Diagrams, Metal Park,
Ohio, 44073 (1987). Binary master alloys with calcium and europium, as well as with calcium

and ytterbium, have proven effective.

According to the invention, the gold alloy is thus formed as a homogenous mixed crystal.

Previously unavoidable inclusions of at least one additional phase based on europium or



according to H Ckonoto and T. B. Massal ski, Binary

Al | oys Phase Di agranms, Metal Park, GChio, 44073
(1987). Binary master all oyé wi th cal ci um and
europium as well as with calcium and ytterbium have
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avoi ded according to the invention. The doping
el ements are conpletely dissolved in gold at 1 to
1000 ppm preferably 2 to 500 ppm particularly 10 to
In thiskO®y RRMPoskibld, i Giryay prdducs geldsstdsland goll banding wives drawn from these
produce gold cords and gold bonding wires drawn from
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significantly above ose of correspondi ng reference
wires. In a preferred enbodi nent, the gold bondi ng
wires contain, as additional doping additives, 1 to

100 ppmcerium Qr cerium M sch netal. re preferred...
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the bonding wire, while maintaining or inproving
favorabl e bonding conditions with respect to | oop and
ball formation. The new wire qualities have tensile
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conditions with respect to loop and ball formation.

The new wire qualitics have tensile strength values of ca. 290 N/mm? at the comparative

elongation at break value of 4% and pull test values of the bonded wire loop of ca. 20 cN (at a

diameter of 30 pm).

In all cases a dimple-free, singed ball (FAB - Free Air Ball) is observed in the bonding process.

(Dimples can negatively affect the joint properties between the ball and substrate).

Example

Production of master alloy on a Au basis with calcium, ytterbium, Ce Misch metal, and Be

doping



In all cases a dinple-free, singed ball (FAB - Free

Air Ball) is observed in thg bondi ng process.

(Dinmpl es can negatively affé&ct the joint properties

between the ball and substrate). Exanple Production

of master alloy on a Au basis with calcium ytterbium

Ce M sch netal, and Be doping 4 From calcium and

erbium ini ti al | y under vacuu a honogeneous,
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portions of each. This master alloy (I) is then
meltediwitht50% weighbpercend mottinms ofraache Thigimaser @llpy (Dvis then gduted to form

mai n conponent gold and 0.5 wt. % each of cal ci um and
anothatirhestdrialloy (ITpwéth ey muint donpoaénteoldadDd. fma 6 eadhl df@gicium and

with Be and Ce Msch netal additives, this nmaster
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wire starting material generated in this way has a
ppm calcium 25 ppm

mas“’fyj%?dé’:@ﬁ%?ln%ﬁﬁéeﬁ‘g@# Oﬁésc "metal (Ce-M, and 5 ppm Be.
Strength properties The 30-mwire (1) drawn fromthe
above-nmentioned starting naterial is subjected to
tensile strength testing after continuous annealing

The bprding witestasensmatesial gﬁ:@@tm@m&é@@a@lm@emewm of 25 ppm
conpared with correspondingly produced wires with

calciuwg 26 pgmoviirbigng 40 ppmit CaMisthanétal (Cz-MYmn@s(pgm Be5 ( 2)
and Au-Ca-Yb-Ce(M (3), and also with a conventionally
produced standard

Strength properties

The 30-um wire (1) drawn from the above-mentioned starting material is subjected to tensile
strength testing after continuous annealing in the temperature range between 450°C and 525°C
and compared with correspondingly produced wires with varied doping concentrations Au-Ca-
Yb-Ce(M)-Be5 (2) and Au-Ca-Yb-Ce(M) (3), and also with a conventionally produced standard

reference wire Au-Ca-Ce(M) (4).

Figure 1 shows a significantly increased tensile strength at 4% elongation at break of the bonding

wires (1) to (3) produced according to the new method relative to the reference wire (4).

In the former case, the tensile strength lies at ca. 290 N/mm? and in the latter case at 260 N/mm?.

Bonding properties



reference wire Au-Ca-Ce(M (4). Figure 1 shows a
significantly increased tensile strength at 4%

el ongation at break of the Bondi ng wires (1) to (3)
pr oduced accordi ng to the new nethod relative to the

referenc t he tensi

Wiresgrpaig 10 4% ats sebiccied 13 g R EEherhRe brneets abfifing o ASTM, 100
at 260 NNnmm2. Bonding properties 5 Wres anneal ed to

Barr, Horbgr PrivanjVest enshehagkem Henypdvpaian 3By 5P eed &5 &. Harman, Wire
according to ASTM 100 Barr, Harbor Drive, West

Bondifg ivs Mitroekemnonilxs pagss| 674 M}:GIQWEHHHQ 397)aﬁhe @al@ of the bondability or
Har man, Wre Bonding in M croel ectronics, pages 67ff,
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to the reference wire (4). In the former case, the
pull forces lie between 17 and 22 cN (in the exanpl e,
bonding wire (1) lies at 22 cN) conpared to 16 cN for

In the feriear easee the pudl forkes 1iF hetweew 1%iané 22 sNg(in theieikampleabonding wire (1)
significantly reduced proportion of the | east

lies atf22udabipakedab -161cBafor Fefeienceiire (4)s Thengw wites alsbexhibét a
reliability of the bond connection. For the wire (1)
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accor 97%
reliability of the bond connection. For the wire (1) of the example, it is ca. 32% and for the

reference wire according to (4), it is 97%.



Clainms 1. CGold alloy containing 99 w.% preferably
99.9 wt.% gold and 1 to 1000 ppm preferably 10 to
100 ppm calciumand 1 to 1800 ppm preferably 10 to
100 ppm ytterbiumor europiumor a mxture of
ytterbi um and europium chatacterized in that the gold
alloy is formed as a hono A%us ni xed crystal. 2.
Met hod for produci ng a honogeneous, single-phase gold
al | oy contai ni ng europi um and/or ytterbium
characterized in that europiumor ytterbium or

1. Godwllopicontabning 92 we bk ipreferabky 9.3 wo b4 gdld 4nd Iglel IO ppm, preferably 10
honogeneous master all oy consisting exclusively of

to 1000sh,"@lcdkie ABA 1 o 1800 prhwrefepdbi0itd P00 pprhd wiefbidm or europium or a
characterized in that the honbgeneous master alloy is
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homo ref er abl 10ttlo 100 ppm calciumand 1 to 1000 ppm
7Pt 2h1Y 190 100 ppm ytterbi um or europiumor a
m xture of ytterbium and europium characterized in
that the gold alloy is forned as a honogeneous m xed

crystal. o .
2. Method for producing a homogeneous, single-phase gold alloy containing europium and/or

ytterbium, characterized in that europium or ytterbium or europium and ytterbium are dissolved

in gold as a homogeneous master alloy consisting exclusively of doping elements.

3. Method according to Claim 2, characterized in that the homogeneous master alloy is a calcium

master alloy.

4. Calcium-doped bonding wire containing 99.9 wt.% gold and 1 to 1000 ppm, preferably 10 to
100 ppm, calcium and 1 to 1000 ppm, preferably 10 to 100 ppm ytterbium or europium or a
mixture of ytterbium and europium, characterized in that the gold alloy is formed as a

homogeneous mixed crystal.



